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Temperature Control System 

Field 

This invention relates to the field of substrate temperature control. More 
particularly the invention relates to controlling the temperature of a chuck that is used in 
5 substrate processes that create heat. 

Background 

There are several reasons why it is important to control the amount of thermal 
energy that a substrate receives during semiconductor device processing. For example, 
some of the structures that are formed at the various stages of processing are sensitive to 

10 thermal energy and tend to change over time as thermal energy is absorbed by the 
substrate. Further, many fabrication processes are sensitive to thermal energy and tend to 
produce varying results as the thermal energy absorbed by the substrate changes. Thus, if 
the amount of thermal energy absorbed by the substrate is not controlled, processes tend 
to produce unexpected or undesired results, and structures that are initially properly 

15 formed tend to degrade toward unexpected or undesired forms. Therefore, it is important 
to control the amount of thermal energy that the substrate receives during processing. 

The amount of thermal energy absorbed by the substrate can be controlled in at 
least two different ways. First, the temperature at which the substrate is maintained can 
be controlled. For example, even if the substrate is in a hot environment, the substrate 

20 itself can be cooled so that the bulk of the substrate does not experience anything more 
than a given temperature. Second, the length of time at which the substrate is exposed to 
a given temperature can be controlled. By controlling these two parameters the amount 
of thermal energy absorbed by the substrate during processing can be controlled. 

Unfortunately, it is difficult to control the temperature of the substrate during 

25 processing. Temperature conditions experienced by the substrate in some processes tend 
to vary according to one or more of a number of different parameters, such as position on 
the substrate, length of processing time, and processing energy. Traditional substrate 
temperature control systems tend to be ineffectual in controlling the temperature of the 
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substrate when faced with the interactions between one or more of these and other 
thermal energy parameters. 

What is needed, therefore, is a system for controlling the temperature of a 
substrate during processing that accounts for temperature variation parameters such as 
5 position, time, and energy. 

Summary 

The above and other needs are met by a method for controlling the temperature of 
a substrate during processing of the substrate at a process energy, by controlling the 
temperature of the chuck on which the substrate resides during the processing. A thermal 

10 transfer media is circulated at a thermal transfer media temperature through the substrate 
chuck to adjust both the chuck temperature and the substrate temperature. The thermal 
transfer media is circulating at a flow rate. The chuck temperature is sensed from at least 
one chuck temperature sensing location at the chuck, and the sensed chuck temperature is 
reported to a controller. The controller is operable to adjust the process energy and at 

15 least one of the thermal transfer media flow rate and the thermal transfer media 
temperature. When the sensed chuck temperature is outside of the desired temperature 
range, then the controller is used to adjust at least one of the thermal transfer media flow 
rate, the thermal transfer media temperature, and the process energy to bring the sensed 
chuck temperature within the desired temperature range. 

20 One of the benefits of the method given above is that the controller is operable to 

not only control at least one of the thermal transfer media flow and the thermal transfer 
media temperature, but the controller is additionally operable to control the process 
energy. In this manner, the controller is operable to, for example, decrease the process 
energy to cool the substrate chuck and the substrate during processing. This may be 

25 especially important when processing conditions are such that the adjustment of the 
thermal transfer media flow and the thermal transfer media temperature are insufficient to 
adequately control the chuck temperature and the substrate temperature within the desired 
temperature range. 

In various preferred embodiments of the invention, the chuck temperature is 
30 sensed from three different locations at the chuck, which locations may be either within 
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the chuck or on the surface of the chuck that is disposed adjacent the substrate. The 
desired temperature range at which the sensed chuck temperature is controlled is between 
about fifty centigrade and about five hundred centigrade, and most preferably at about 
280 centigrade. In a most preferred embodiment, the controller first attempts to bring the 
5 sensed temperature within the desired temperature range by adjusting at least one of the 
thermal transfer media temperature and the thermal transfer media flow rate. When 
adjusting at least one of the thermal transfer media temperature and the thermal transfer 
media flow rate cannot bring the sensed temperature within the desired temperature 
range, then the controller preferably controls the sensed temperature by additionally 

10 adjusting the process energy. 

In another embodiment of the invention, an apparatus is provided for controlling 
the substrate temperature of a substrate during processing of the substrate at a process 
energy. A chuck temperature input receives temperature measurements from temperature 
sensors at a substrate chuck, and a temperature set point input receives temperature set 

15 points. The temperature set points define a range of temperatures within which the 
apparatus maintains the substrate temperature. A chuck temperature controller output 
sends control signals to a chuck temperature controller, which signals are operable to 
selectively increase and decrease the chuck temperature. A process energy output sends 
control signals that are operable to selectively increase and decrease the process energy 

20 during the processing of the substrate. 

A controller compares the temperature measurements received from the 
temperature sensors at the substrate chuck through the chuck temperature input to the 
temperature set points received through the temperature set point input. The controller 
sends control signals through the chuck temperature controller output to the chuck 

25 temperature controller to selectively decrease the chuck temperature when the 
temperature measurements received from the temperature sensors at the substrate chuck 
are above the temperature set points. The controller further sends control signals through 
the process energy output to selectively decrease the process energy when the 
temperature measurements received from the temperature sensors at the substrate chuck 

30 are above the temperature set point. Preferably, the controller first sends control signals 
through the chuck temperature controller output to control the chuck temperature, and 
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only sends control signals through the process energy output when the chuck temperature 
cannot be sufficiently controlled by the chuck temperature controller. 

As described above, one of the benefits of the apparatus given above is that when 
processing conditions are such that the adjustment of thermal transfer media flow and 
5 thermal transfer media temperature are insufficient to adequately control the chuck 
temperature and the substrate temperature within the desired temperature range, the 
apparatus is operable to further control the chuck temperature and the substrate 
temperature by adjusting the process energy. 

Brief Description of the Drawings 

10 Further advantages of the invention are apparent by reference to the detailed 

description when considered in conjunction with the following figures, which are not to 
scale so as to more clearly show the details, wherein like reference numbers refer to like 
elements within the several views, and wherein: 

Fig. 1 is a functional block diagram of temperature control system according to 
1 5 the present invention, 

Fig. 2 is a top plan view of a substrate chuck according to the present invention, 
Fig. 3B is a cross sectional view of a first embodiment of the substrate chuck of 
Fig. 2, and 

Fig. 3B is a cross sectional view of a second embodiment of the substrate chuck 
20 of Fig. 2. 

Detailed Description 

Referring now to Fig. 1, there is depicted an embodiment of a temperature control 
system apparatus 10 according to the present invention. The temperature control system 
10 works cooperatively with a reaction chamber 44, such as a high density plasma 
25 deposition chamber or an ion bombardment chamber such as a high energy etcher. 
Processes that are conducted in chambers 44 such as those described tend to impart a 
relatively high amount of energy to the substrates 38 processed in the chamber 44, which 
tends to be absorbed by the substrate 38 as thermal energy. As mentioned above, 
controlling the amount and residence time of the thermal energy absorbed by a substrate 
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38 tends to have an impact on the both the results of the process conducted within the 
chamber 44 and the integrity of the previously formed structures on the substrate 38. 

In a typical configuration of the chamber 44, the energy for the process is emitted 
from some type of emitter 42, which may be a device such as a sputter target. The 

5 substrate 38 preferably resides upon some type of substrate holder or chuck 32 during 
processing in the chamber 44. The chuck 32 has a surface 36 atop of which the substrate 
38 is received by the chuck 32. The surface 36 provides an interface between the 
substrate 28 and the other elements of the chuck 32, as explained in greater detail 
hereafter. Most preferably, the surface 36 is designed and manufactured in consideration 

10 with specifically identified heat transfer properties, also as explained in greater detail 
hereafter. 

The temperature of the surface 36 of the chuck 32 is sensed by thermal sensors 
40. In practice, there may be one or many thermal sensors 40 disposed within the chuck 
32. If the process conducted within the chamber 44 is such that the substrate 38 and the 

15 chuck 32 absorb thermal energy with a very uniform profile across the surface 36 of the 
chuck 32, then there may be no need for more than one thermal sensor 40 to be present in 
the chuck 32. However, more often than not the thermal energy profile across the surface 
36 of the chuck 32 and also across the substrate 38 is not very uniform, and therefore in 
the preferred embodiment a number of thermal sensors 40 are used, such as the three 

20 thermal sensors 40 depicted. In general, the less uniform the thermal energy profile 
across the surface 36 of the chuck 32, the more thermal sensors 40 are preferably used to 
sense the temperature of the substrate 38 at the surface 36 of the chuck 32. Conversely, 
the more uniform the thermal energy profile across the surface 36 of the chuck 32, the 
fewer thermal sensors 40 are preferably used to sense the temperature of the substrate 38 

25 at the surface 36 of the chuck 32. 

The thermal sensors 40 are devices of a type that is compatible with the operation 
of the chuck 32, the environment within the reactor 44, and the other materials used in the 
formation of the chuck 32. For example, the thermal sensors 40 are thermocouples in one 
embodiment and resistance temperature devices in another embodiment. Alternately, 

30 combinations of these types of devices and other types of devices are used to exploit the 
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specific benefits of the different kinds of devices, based upon the specific configuration 
of the chuck 32 and the processes to be performed within the reaction chamber 44. 

The thermal sensors 40 may be located in one or more different positions relative 
to the surface 36 of the chuck 32. For example, the thermal sensors 40 may be located at 

5 a position such that they are very near the upper surface of the surface 36 of the chuck 32, 
such that they are in contact with, or very nearly in contact with the back side of the 
substrate 38 that resides on the surface 36 of the chuck 32. In this manner, the thermal 
sensors 40 tend to be more responsive to the thermal conditions within the substrate 38. 
Conversely, the thermal sensors 40 may be underneath the surface 36 of the chuck 32, at 

10 a position that is substantially inside of the chuck 32. In this position, the thermal sensors 
40 tend to be somewhat less responsive to the thermal conditions within the substrate 38, 
and somewhat more responsive to the overall temperature within the chuck 32. In a most 
preferred embodiment, the thermal sensors 40 are at a position where they either make 
contact with the back side of the substrate 38 or very nearly make contact with the back 

15 side of the substrate 38. However, in other embodiments, the processing conditions 
within the reactor 44 may dictate that the type of thermal sensor 40 selected is better 
placed at an alternate location within the chuck 32. 

The chuck 32 preferably has a reservoir 34, within which a thermal transfer media 
such as a coolant is circulated. Although the reservoir 34 is shown as a single open 

20 reservoir 34 in the embodiment depicted in Fig. 1, it is appreciated that this specific 
embodiment of the reservoir 34 is for illustration only, and that in actual construction of 
the chuck 32, the reservoir 34 is preferably multi-chambered so as to more specifically 
control the characteristics of the heat transfer between the surface 36 of the chuck 32 and 
the thermal transfer media circulating within the reservoir 34. 

25 For example, if the purpose of the thermal transfer media is to cool the surface 36 

of the chuck 32, and to thereby cool the substrate 38, then the thermal transfer media is 
preferably a coolant. Further, the reservoir 34 of the chuck 32 is in this example 
preferably channeled so that the flow of the coolant through the reservoir 34 tends to 
remove thermal energy from the surface 36 of the chuck 32 in a uniform manner, so that 

30 the temperature at the surface 36 of the chuck 32, such as measured by the thermal 
sensors 40, tends to likewise be relatively uniform. In one preferred embodiment, the 
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flow rate and temperature of the thermal transfer media through the different channels of 
the reservoir 34 are all independently variable so as to more fully provide for a uniform 
thermal energy profile across the surface 36 of the chuck 32. In this manner, the 
temperature of the substrate 38 residing atop the surface 36 of the chuck 32 is also 

5 maintained at a relatively uniform temperature. 

In a most preferred embodiment the thermal transfer media is delivered to the 
reservoir 34 of the chuck 32 by a flow means 48, such as a tubing like a stainless steel 
pipe or a polyvinyl chloride tubing. The flow means 48 receives the thermal transfer 
media from a chuck temperature controller 30, such as a temperature controlled bath of 

10 the thermal transfer media. For example, the thermal transfer media is in one 
embodiment a fluid such as water or a mixture of ethylene glycol and water that flows 
from a temperature controlled bath in the chuck temperature controller 30 through the 
flow means 48 to the reservoir 34 of the chuck 32, and then back through the flow means 
48 and into the temperature controlled bath in the chuck temperature controller 30. Once 

15 back in the temperature controlled bath of the chuck temperature controller 30, the 
thermal transfer media is conditioned to either remove the thermal energy that it has 
absorbed from the surface 36 of the chuck 32 or to receive thermal energy to replace that 
which it has transferred to the surface 36 of the chuck 32, depending upon the specific 
purpose of the thermal transfer media. 

20 In alternate embodiments of the temperature control system 10 according to the 

invention where additional thermal energy is to be added to the surface 36 of the chuck 
32 and thereby to the substrate 38, the chuck 32 may include a heater block, such as an 
electrical heater block that delivers thermal energy to the substrate 38 in a manner as 
controlled as described in more detail below. 

25 In a preferred embodiment of a temperature control system 10 according to the 

invention, a controller 12 controls the amount of thermal energy imparted to the substrate 
38 and the residence time of that thermal energy within the substrate 38. Control of these 
parameters tends to influence the temperature experienced by the substrate 38 during 
processing within the reactor 44, as measured by the thermal sensors 40. To accomplish 

30 these design objectives, the controller 12 is in communication with other elements as 
described herein. 
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The emitter 42 is preferably electrically connected to the controller 12 by a means 
28 through a process energy output 20. In the preferred embodiment, the controller 12 
does not provide the actual power used to energize the emitter 42, but is able to control 
the amount of power delivered to the emitter 42. For example, in the embodiment where 
5 the emitter 42 is a target that is used in a high density plasma deposition reactor, the 
controller 12 is preferably connected via the process energy output 20 and the means 28 
to the power supply from which the target 42 draws its energy or to the dedicated 
controller that directly controls the amount of power delivered to the emitter 42. In the 
example of the high density plasma deposition reactor, by varying the power delivered to 

10 the emitter 42 the controller 12 essentially controls the deposition rate of the process 
conducted within the reactor 44. 

The controller 12 is also preferably in communication with the thermal sensors 40 
via means 22 through a chuck temperature input 14. In this manner the controller 12 
receives signals indicating the temperature sensed by each of the thermal sensors 40 at a 

15 point in time at which the signals are generated by the thermal sensors 40. Additionally, 
the controller 12 is preferably in communication with the chuck temperature controller 30 
via communication means 24 through a chuck temperature controller output 16. Again, 
in a most preferred embodiment, it is not the controller 12 that is used to directly provide 
for circulation and thermal management of the thermal transfer media, but rather the 

20 controller 12 operates to control the thermal management of the thermal transfer media 
through the means of the chuck temperature controller 30, as described above. In a most 
preferred embodiment, the chuck temperature controller 30 is operable to both regulate 
the temperature of the thermal transfer media and the flow rate of the thermal transfer 
media. 

25 Further, the controller 12 is operable to receive a temperature set point from a set 

point input 46 through communication means 26 and temperature set point input 18. In 
this manner the controller 12 receives a set point temperature that it compares to the 
chuck temperature received through the chuck temperature input 14. If the chuck 
temperature is higher than the set point temperature, then the controller 12 sends signals 

30 through the output 20 and the output 16 to exert influence on the amount of thermal 
energy delivered to the substrate 38 and the residence time of that thermal energy within 
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the substrate 38, by attempting to either decrease the amount of thermal energy delivered 
to the substrate 38 or decrease the residence time of the thermal energy within the 
substrate 38, or both. On the other hand, if the chuck temperature is lower than the set 
point temperature, then the controller 12 sends signals through the output 20 and the 

5 output 16 to exert influence on the amount of thermal energy delivered to the substrate 38 
and the residence time of that thermal energy within the substrate 38, by attempting to 
either increase the amount of thermal energy delivered to the substrate 38 or increase the 
residence time of the thermal energy within the substrate 38, or both. 

In a most preferred embodiment, the controller 12 first attempts to reconcile the 

10 set point temperature with the chuck temperature by exerting influence on the residence 
time of the thermal energy in the substrate by adjusting the chuck temperature controller 
30. Preferably this is accomplished by adjusting either the temperature of the thermal 
transfer media or the flow rate of the thermal transfer media or both. In this manner, the 
residence time of the thermal energy absorbed by the substrate 38 in the reactor 44 is 

15 adjusted, and the temperature of the substrate 38 is similarly influenced. 

For example, if the chuck temperature indicates that the substrate temperature is 
higher than desired in comparison to the set point temperature, then the controller 12 is 
operable to send signals to the chuck temperature controller 30 calling for a higher flow 
rate of coolant, which tends to remove thermal energy from the chuck 32 and the 

20 substrate 38 at a faster rate. Further, the controller 12 may alternately send signals to the 
chuck temperature controller 30 calling for a reduction in the temperature of the coolant, 
which also tends to remove thermal energy from the chuck 32 and the substrate 38 at a 
faster rate. Both of these two control mechanisms, either alone or in combination, tend to 
reduce the residence time of the thermal energy within the substrate 36, and thereby 

25 reduce the temperature of the substrate 38. 

In a preferred embodiment, sending such control signals from the controller 12 to 
the chuck temperature controller 30 is sufficient to control the temperature of the 
substrate 38. However, in some processes, most notably a high density plasma deposition 
process, such measures may be insufficient to adequately control the temperature of the 

30 substrate 38. In such situations, the controller is additionally operable to adjust the 
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amount of energy delivered by the emitter 42 to the substrate 38 during processing in the 
reactor 44. 

Thus, when controlling the residence time of the thermal energy within the 
substrate 38 is insufficient to control the temperature within the substrate 38, the 

5 controller 12 reduces the amount of energy delivered to the substrate 38 by the emitter 42 
and thereby influences the temperature of the substrate 38. In a most preferred 
embodiment, the controller 12 first acts to control the temperature of the substrate 38 by 
use of the chuck temperature controller 30, and then only when that means is insufficient 
to adequately control the temperature of the substrate 38, the controller 12 next acts to 

10 control the temperature of the substrate 38 via the means of reducing the energy output of 
the emitter 42. In a preferred embodiment, the temperature of the substrate 38 is held 
between about fifty centigrade and about five hundred centigrade, and most preferably at 
about 280 centigrade. 

In addition to the means described above, further means can be employed to exert 

15 additional control over the thermal profile of the substrate 38 and the surface 36 of the 
chuck 32. Such further means are shown in Fig. 2, which depicts a surface 36 of a chuck 
32 that has thermal conduction zones 52, 54, and 56. Although Fig. 2 depicts a surface 
36 having three thermal conduction zones 52, 54, and 56, it is appreciated that this is by 
way of illustration only. While in the preferred embodiment the surface 36 of the chuck 

20 32 has at least two different thermal conduction zones, in various embodiments the 
surface 36 of the chuck 32 has more than three thermal conduction zones. The selection 
of the number of thermal conduction zones depends upon the proper balance of several 
criteria, such as tolerance of the structures on the substrate 38 to a nonuniform thermal 
profile, tolerance of the process to a nonuniform thermal profile, amount of thermal 

25 energy delivered to the substrate 38, and the uniformity of the thermal energy delivered 
to the substrate 38. 

The different thermal conduction zones 52, 54, and 56 of the surface 36 of the 
chuck 32 each have differing thermal conductivities and thereby are able to conduct 
thermal energy from the substrate 38 and to the heat sink 34 of the chuck 32 at varying 
30 rates. As depicted in Figs. 3A and 3B, the heat sink 34 is a reservoir 34 that receives a 
thermal transfer media as described above. However, in this embodiment as presently 
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explained the heat sink 34 may be of a type other than a circulated thermal transfer 
media. For example, the heat sink 34 may be fins that dissipate heat to the ambient 
environment or the heat sink 34 may be a thermal mass, such as a mathematically infinite 
thermal mass, given the constraints of a specific reactor 44 and process. 
5 Further, in some embodiments, the thermal conduction zone 52, for example, has 

the same thermal conductivity as the thermal conduction zone 56, both of which have a 
difference thermal conductivity as compared to the intervening thermal conduction zone 
54. Thus, the thermal conductivity of each of the various thermal conduction zones of 
the surface 36 of the chuck 32 is selected according to the anticipated thermal energy 

10 absorption of the substrate 38 at a location above or near the specific thermal conduction 
zone in question. In general, processes tend to develop greater heat near either the center 
of the substrate 38 or near the edges of the substrate 38. Thus, in a most preferred 
embodiment, the thermal conductivity of the thermal conduction zones 53, 54, and 56 is 
selected for the anticipated type of process. 

15 For example, if the anticipated process is of the type that tends to deliver a greater 

amount of thermal energy to the center of the substrate 38, and it is further desired to 
remove thermal energy from the substrate 38 and thus reduce the temperature of the 
substrate 38, then the thermal conductivity of the center most thermal conduction zone 52 
is preferably higher than the thermal conductivity of the middle thermal conduction zone 

20 54, which preferably has a thermal conductivity that is higher than the thermal 
conductivity of the outermost thermal conduction zone 56. By selecting the thermal 
conductivity of the various thermal conduction zones 52, 54, and 56 in this manner, the 
thermal energy is drawn off at a faster rate from the center of the substrate 38 where the 
greatest amount of thermal energy is delivered, and the thermal energy is drawn off at a 

25 slower rate from the edges of the substrate 38 where the least amount of thermal energy is 
delivered. According, the thermal energy is drawn off at an intermediate rate from the 
portions of the substrate 38 that reside between the center portion of the substrate 38 and 
the edges of the substrate 38, which portions receive an intermediate amount of thermal 
energy during processing in the reactor 44. 

30 Because varying levels of thermal energy are delivered to the substrate 38 and the 

thermal energy is likewise drawn off from the substrate 38 at varying levels that are 



Page 12 of 20 



Express Mail Label Number: EL 477 620 531 US 



preferably selected to match or substantially match the anticipated rates at which thermal 
energy is delivered to the substrate 38 at the various positions on the substrate 38, the 
thermal profile across the surface of the substrate 38 is maintained at a more uniform 
level. This tends to make control of the temperature of the substrate 38 by the controller 
5 12 much easier to accomplish, as the controller tends to receive temperature 
measurements from the thermal sensors 40 that are more uniform. Fig. 3A depicts an 
embodiment in which the thermal sensors 40 are disposed underneath at least a portion of 
the surface 36 of the chuck 32, and Fig. 3B depicts an embodiment in which the thermal 
sensors 40 are disposed at the top surface of the surface 36 of the chuck 32, and are in 

10 intimate contact with the back side of the substrate 38. 

The surface 36 of the chuck 32 is preferably formed of ceramics such as silicon 
nitride, silicon oxide, or most preferably aluminum oxide. The thermal conductivity of 
the ceramic is adjusted by blending into the ceramic during formation of the surface 36 
varying amounts of a filler material that has either a higher or a lower thermal 

15 conductivity than the other material that is used to form the surface 36, such as the 
ceramic material. In a most preferred embodiment, the filler material has a higher 
thermal conductivity than the ceramic that is used to form the rest of the surface 36. 
Thus, areas of the surface 36 that are to have higher thermal conductivity receive a 
greater amount of the filler material during formation of the surface 36, and areas of the 

20 surface 36 that are to have lower thermal conductivity receive a lesser amount of the filler 
material during formation of the surface 36. 

The material used for the filler in the formation of the surface 36 of the chuck 32 
is selected so as to be compatible with the anticipated environment within the reactor 44, 
the anticipated temperatures developed during the processing cycles, and to not have any 

25 negative interactions with the substrate 38. The filler material is preferably a material 
such as beryllium oxide, silicon carbide, diamond, or most preferably aluminum nitride. 

Although the shapes of the thermal conductivity zones 52, 54, and 56 as depicted 
in Fig. 2 are given as annular and circular regions, it is appreciated that these shapes as 
given are exemplary only and that in actual practice of the invention the shapes of the 

30 various thermal conductivity zones may be something other than circular and annular. 
For example, in an alternate embodiment, the thermal conductivity zones may be in the 
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form of bands across the surface 36 of the chuck 32. Further, the thermal conductivity 
zones may be irregularly shaped, which irregular shapes are empirically determined by 
placing a number of thermal sensors 40 at various positions on top of a chuck 32, and 
measuring the thermal profile across the chuck 32. Thus, as suggested by this 

5 explanation, the shapes of the various thermal conductivity zones are preferably selected 
so as to create a relatively flat thermal profile across the surface 36 of the chuck 32, and 
thereby to impart a relatively flat thermal profile across the substrate 38. 

The foregoing description of preferred embodiments for this invention have been 
presented for purposes of illustration and description. They are not intended to be 

10 exhaustive or to limit the invention to the precise form disclosed. Obvious modifications 
or variations are possible in light of the above teachings. The embodiments are chosen 
and described in an effort to provide the best illustrations of the principles of the 
invention and its practical application, and to thereby enable one of ordinary skill in the 
art to utilize the invention in various embodiments and with various modifications as is 

15 suited to the particular use contemplated. All such modifications and variations are within 
the scope of the invention as determined by the appended claims when interpreted in 
accordance with the breadth to which they are fairly, legally, and equitably entitled. 
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What is claimed is: 

1. A method for controlling a substrate temperature of a substrate during processing 
of the substrate at a process energy, by controlling a chuck temperature of a chuck 
on which the substrate resides during the processing, comprising: 

circulating a thermal transfer media at a thermal transfer media temperature 
through the substrate chuck to adjust both the chuck temperature and the 
substrate temperature, the thermal transfer media circulating at a flow rate, 

sensing the chuck temperature from at least one chuck temperature sensing 
location at the chuck, 

reporting the sensed chuck temperature to a controller, where the controller is 
operable to adjust the process energy and at least one of the thermal 
transfer media flow rate and the thermal transfer media temperature, and 

when the sensed chuck temperature is outside of a desired temperature range, then 
using the controller to adjust at least one of the thermal transfer media 
flow rate, the thermal transfer media temperature, and the process energy 
to bring the sensed chuck temperature within the desired temperature 
range. 

2. The method of claim 1 wherein the chuck temperature is sensed from three 
different locations at the chuck. 

3. The method of claim 1 wherein the chuck temperature is sensed from locations 
within the chuck. 

4. The method of claim 1 wherein the chuck temperature is sensed from locations on 
a surface of the chuck disposed adjacent the substrate. 

5. The method of claim 1 wherein the desired temperature range is between about 
fifty centigrade and about five hundred centigrade. 

6. The method of claim 1 wherein the controller first attempts to bring the sensed 
temperature within the desired temperature range by adjusting at least one of the 
thermal transfer media temperature and the thermal transfer media flow rate, and 
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when adjusting at least one of the thermal transfer media temperature and the 
thermal transfer media flow rate cannot bring the sensed temperature within the 
desired temperature range, then the controller controls the sensed temperature by 
additionally adjusting the process energy. 

The method of claim 1 wherein the controller is used to adjust at least one of the 
thermal transfer media flow rate, the thermal transfer media temperature, and the 
process energy to cool the chuck and the substrate and thereby to bring the sensed 
temperature within the desired temperature range. 

The method of claim 1 wherein the controller is used to adjust at least one of the 
thermal transfer media flow rate, the thermal transfer media temperature, and the 
process energy to heat the chuck and the substrate and thereby to bring the sensed 
temperature within the desired temperature range. 

An apparatus for controlling a substrate temperature of a substrate during 

processing of the substrate at a process energy, comprising: 

a chuck temperature input for receiving temperature measurements from 

temperature sensors at a substrate chuck, 
a temperature set point input for receiving temperature set points, the temperature 

set points defining a range of temperatures within which the apparatus 

maintains the substrate temperature, 
a chuck temperature controller output for sending control signals operable to 

selectively increase and decrease the chuck temperature to a chuck 

temperature controller, 
a process energy output for sending control signals operable to selectively 

increase and decrease the process energy during the processing of the 

substrate, and 
a controller for, 

comparing the temperature measurements received from the temperature 
sensors at the substrate chuck through the chuck temperature input 
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to the temperature set points received through the temperature set 
point input, 

sending control signals through the chuck temperature controller output to 
the chuck temperature controller to selectively decrease the chuck 
temperature when the temperature measurements received from the 
temperature sensors at the substrate chuck are above the 
temperature set points, and 

sending control signals through the process energy output to selectively 
decrease the process energy when the temperature measurements 
received from the temperature sensors at the substrate chuck are 
above the temperature set points. 

The apparatus of claim 9, wherein the controller is further operable for: 

sending control signals through the chuck temperature controller output to 
the chuck temperature controller to selectively increase the chuck 
temperature when the temperature measurements received from the 
temperature sensors at the substrate chuck are below the 
temperature set points, and 
sending control signals through the process energy output to selectively 
increase the process energy when the temperature measurements 
received from the temperature sensors at the substrate chuck are 
below the temperature set points. 

The apparatus of claim 9, wherein the controller first sends control signals 
through the chuck temperature controller output to control the chuck temperature, 
and only sends control signals through the process energy output when the chuck 
temperature cannot be sufficiently controlled by the chuck temperature controller. 

The apparatus of claim 9, wherein the control signals sent by the controller 
through the chuck temperature controller output further comprise: 
a thermal transfer media flow control signal for controlling a flow of a thermal 
transfer media through the chuck, and 
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5 a thermal transfer media temperature control signal for controlling the 

temperature of the thermal transfer media flowing through the chuck. 

13. A chuck for controlling a substrate temperature of a substrate on the chuck during 
processing of the substrate at a process energy, the chuck comprising: 

a chuck surface having a face and a back side, the face of the chuck surface for 
receiving the substrate adjacent the chuck, the chuck surface having a high 
5 thermal conduction zone and a low thermal conduction zone, where the 

high thermal conduction zone of the chuck surface has a high thermal 
conductivity and is disposed adjacent a portion of the substrate that 
receives a greater degree of the process energy during the processing, and 
the low thermal conduction zone of the chuck surface has a low thermal 
10 conductivity and is disposed adjacent a portion of the substrate that 

receives a lesser degree of the process energy during the processing, and 

a heat sink disposed adjacent the back side of the chuck surface for removing 
thermal energy from the chuck surface. 

14. The chuck of claim 13 wherein the chuck surface further comprises a ceramic 
material embedded with a filler material, where the ceramic material has a lower 
thermal conductivity than the filler material, and the filler material has a higher 
thermal conductivity than the ceramic material. 

15. The chuck of claim 14 wherein the ceramic material further comprises at least one 
of aluminum oxide and silicon oxide. 

16. The chuck of claim 14 wherein the filler material further comprises at least one of 
aluminum nitride, silicon carbide, beryllium oxide, and diamond. 

17. The chuck of claim 14 wherein the high thermal conduction zone of the surface of 
the chuck has a higher ratio of filler material to ceramic material than the low 
thermal conduction zone of the surface of the chuck, and the low thermal 
conduction zone of the surface of the chuck has a lower ratio of filler material to 
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5 ceramic material than the high thermal conduction zone of the surface of the 

chuck. 

18. The chuck of claim 13 wherein the surface of the chuck has at least one 
intermediate thermal conduction zone, where each of the intermediate thermal 
conduction zones has a thermal conductivity that is between the thermal 
conductivity of the high thermal conduction zone and the thermal conductivity of 

5 the low thermal conduction zone, and each of the intermediate thermal conduction 

zones has a different thermal conductivity. 

19. The chuck of claim 13 wherein the high thermal conduction zone forms a circle in 
a center of the surface of the chuck and the low thermal conduction zone forms an 
annular ring around the high thermal conduction zone on the surface of the chuck. 

20. The chuck of claim 13 wherein the heat sink further comprises a flow chamber for 
receiving a temperature controlled fluid from a temperature controlled 
recirculator. 
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Abstract 

An apparatus for controlling the substrate temperature of a substrate during 
processing of the substrate at a process energy. A chuck temperature input receives 
temperature measurements from temperature sensors at a substrate chuck, and a 
temperature set point input receives temperature set points. The temperature set points 
5 define a range of temperatures within which the apparatus maintains the substrate 
temperature. A chuck temperature controller output sends control signals to a chuck 
temperature controller, which signals are operable to selectively increase and decrease the 
chuck temperature. A process energy output sends control signals that are operable to 
selectively increase and decrease the process energy during the processing of the 

10 substrate. A controller compares the temperature measurements received from the 
temperature sensors at the substrate chuck through the chuck temperature input to the 
temperature set points received through the temperature set point input. The controller 
sends control signals through the chuck temperature controller output to the chuck 
temperature controller to selectively decrease the chuck temperature when the 

15 temperature measurements received from the temperature sensors at the substrate chuck 
are above the temperature set points. The controller further sends control signals through 
the process energy output to selectively decrease the process energy when the 
temperature measurements received from the temperature sensors at the substrate chuck 
are above the temperature set point. Preferably, the controller first sends control signals 

20 through the chuck temperature controller output to control the chuck temperature, and 
only sends control signals through the process energy output when the chuck temperature 
cannot be sufficiently controlled by the chuck temperature controller. 

55863.pap.doc 



Page 20 of 20 



S3 

m 
a 

4 
m 

O 

fy 

Q 
Q 





Fig. 3B 



LSI 00-140 



In The United States Patent And Trademark Office 
Declaration And Power Of Attorney 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which 
a patent is sought on the invention entitled: 

Temperature Control System 

the specification of which is attached hereto, unless the following box is checked: 

[] which was filed on 9 

and assigned serial number . 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 C.F R § 
1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. §§ 119(a)-(d) or 365(b) of any foreign 
application(s) for patent or inventor's certificate, or § 365(a) of any PCT international application which 
designated at least one country other than the United States of America, listed below and have also 
identified below any foreign application for patent or inventor's certificate or PCT international 
application having a filing date before that of the application on which priority is claimed: 

Priority Certified 
claimed Copy 

[] [] 

Application number Country Filing date 

I hereby claim the benefit under 35 U.S.C. § 199(e) of any United states Provisional application listed 
below: 



Application number Filing date 

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any 
PCT international application designating the United States of America, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States or PCT 
international application in the manner provided by the first paragraph of 35 U.S.C. § 1 12, 1 acknowledge 
the duty to disclose information which is material to patentability as defined in 37 C.F.R. § 1.56 which 
became available between the filing date of the prior application and the national or PCT international 
filing date of this application. 



Application number Filing date Patent number, if applicable 
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I hereby appoint the following attorneys, with full power of substitution and revocation, to prosecute this 
application and to transact all business in the United States Patent and Trademark Office connected 
therewith: 



Attorney 


REG.# 


Attorney 


REG.# 


Andrew S. Neely 


28,979 


David G. Pursel 


28,659 


Mark S. Graham 


32,355 


Gary E. Ross 


29,431 


Robert 0. Fox 


34,165 


Ralph R. Veseli 


33,807 


David E. LaRose 


34,369 


Lloyd E. Dakin, Jr. 


38,423 


Rick Barnes 


39,596 


Bruce R. Hopenfeld 


39,714 


Michael E. Sellers 


39,831 


Sandeep Jaggi 


43,331 


Jason L. Hornkohl 


44,777 







and request that all correspondence and telephone calls in respect to this application be directed to: 
LSI Logic Corporation 

1551 McCarthy Boulevard, MS D-106 
Milpitas CA 95035 

Phone 1.408.433.6404 
Fax 1.408.433.7770 



Attorney docket: 



00-140 



I hereby authorize the attorneys named herein to accept and follow instructions from LSI Logic 
Corporation as to any action to be taken in the Patent and Trademark Office regarding this application 
without direct communication between the attorneys and myself. In the event of a change in the persons 
from whom instructions may be taken, the U.S. attorneys named herein will be so notified by me. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under 18 U.S.C. § 1001 and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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